NACA RM No. L8J12 


CQMEIDENTIAL 


Copy NO. ° 
RM No. L8J12 


y 


1 

i 


* 


NACA 

RESEARCH MEMORANDUM 


HIGH-SPEED WIND-TUNNEL INVESTIGATION OF A SWEPTBACK WING 



WITH CAN ADDED TRIANGULAR AREA AT THE CENTER 
1 ! By 



M 


Beverly Z. Henry, Jr. 

Langley Aeronautical Laboratory 
Langley Field, Va. 



rLATSmET. CCCUUENT 


TbuU iaaugjat cU**iil*a infcrmsHUn 

the NULtHl D*fen»# erf Lb* 'JnJbna 
Ctilrt wjhic the n:«EiJi4 erf the EBpiciug* Am, 
USO 6C;3I and ft* truyuciM*:c. :r th* 

rtvtiiiwii of ii* cinuri* je my KUMr li an 
■m*wthniE«i person is prohibited by Uv. 

Inform stic-n bo cUsailt-d be lmp*rt*a 

rn±T r p«r sons m Lba mllit'jy nu utrai 
«rrt«i sf th* United State*, appr^nei* 
civilise 'rflleer* ud «cpliy*a* if lfc» Fedenl 
Ov-rmr-re w+« l»7e * Lejltlnise* Interest 
thereir., ird w United States cuiaau cf known 
Lfyiltjr 1M discr-utc. arh-: if M«saUy must b* 
M-.rmed there*:*. 


NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 

WASHINGTON 

January 14, 1949 


-e@WlBENflAL 




3 1176 01331 1247 
NACA RM No - L8J12 

NATIONAL .ADVISORY COMMITTEE FOB AERONAUTICS 


RESEARCH MEMORANDUM 


HIGH-SPEED WIND-TUNNEL INVESTIGATION OF A SWEPTBACK WING- 
WITH AN ADDED TRIANG-ULAR ABEA AT THE CENTER 
By Beverly Z • Henry , Jr . 

SUMMARY 


Results are presented, of an investigation in the Langley 8-foot 
high-speed, tunnel of tvro swoptback wings of different plan form. The 
purpose of the investigation was to determine the effects of the addition 
of a triangular area to the inboard section of a conventional sweptback 
wing in such a way as to produce a wing employing two stages of sweepback. 
Lift, drag, and pitching-moment characteristics are presented to Illustrate 
these effects for a Mach number range of 0.40 through 0*935* 

Results of the investigation indicate that the effects of the 
addition of the triangular area to the sweptback wing on lift and drag 
characteristics are small throughout the Mach number range tested. 

Although, the changes in lift and drag characteristics are small when 
considered separately, a combination of the two in the lift-drag ratio 
results in an appreciable Increase in this ratio . If a change in center- 
of -gravity location is assumed to accompany the addition of the triangular 
area, there is essentially no change in the static margin of the sweptback 
wing. 


INTRODUCTION 


A program, was begun in the Langley 8-foot high-speed tunnel to 
determine the effects of various wing and tail configurations on the 
force characteristics of the D-55& airplane (reference l) • The D-55® is 
a research airplane used for the investigation of the aerodynamic pheno- 
mena within the transonic region. 

In a continuation of this program, an investigation has been made' 
at high subsonic speeds of wing-alone characteristics to determine the 
effects of adding a triangular area to the center of the sweptback wing 
of reference 1 to increase the angle of sweep of the inboard section of 
the wing and to form, in effect, a wing employing two stages, of sweep. 
Throughout this report, the biswept wing will be referred to as the 
swentback wing with glove ■ 
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The gloved wing was designed to obtain the increase in critical 
speed of the sweptback wing without encountering the adverse low-speed 
tip characteristics normally accompanying large degrees of sweep. In 
addition to increasing the sweep of the inboard sections, the addition 
of the glove to the sweptback wing provides a lower thickness ratio at the 
root sections than would be obtained with a mono-swept wing for the 
same wing thicknesses. This decrease in thickness ratio occurs since 
the addition of the glove involves no change in wing thickness. 


APPARATUS 


Model .- For the purpose of this investigation, the sweptback wing 
of reference 1 was fitted with a triangular section over the inboard 
section of the leading edge to form, in effect, a wing with two stages 
of sweepback. Details of the resulting wing are shown in figure 1. 
Dimensions for the sweptback wing and for the sweptback wing with glove 
are shown in table I, and wing ordinates for the sweptback wing with 
glove are given in table U . These wing ordinates are for sections laid 
out parallel to the plane of symmetry. 

The D-558“l> for which scans comparative data appear, utilizes a wing 
which employs no sweep, an NACA 65-110 section, and an aspect ratio 
of k.2 . 


The maximum uncorrected Mach number for this investigation was 
approximately 0.935* Ik® Reynolds number for the tests of the sweptback 
wing with glove varied from approximately 1.5 X 10° to 2 .2 X 10° . Compu- 
tations of Reynolds number were based on the mean aerodynamic chord of 
the sweptback wing with glove . 

Model support and balance .- For this investigation, a sting-strut 
support system was used. In order to utilize an existing strain-gage 
balance , the wing to be tested was mounted on the D-55®”1 fuselage of 
reference 2 . Details of the model support system are shown in figure 2 , 
and a couplets description of the system is given in reference 2 . 

With the model aerodynamic ally loaded, there was a small deflection 
of the support sting. This deflection changes the angle of attack of the 
model slightly and necessitates an angle-of -attack measurement at each 
test point . These measurements were obtained by means of a cathetometer 
mounted on the side of the tunnel. 


CORRECTIONS 


The effect of temperature on the strain gages was determined from 
static -load and temperature calibration tests. The temperature was 
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measured at each, test point and the corrections determined in static 
tests were applied- 

The data are presented for uncorrected Mach numbers up to about 0-935, 
where choking occurred at the support strut- The data are believed to be 
unaffected by choke phenomena as the strut is well to the rear of the 
model, and pressure measurements indicated no irregularities in the 
velocity field in the model region at this Mach number - 

The expressions available for the effects of tunnel -wall inter- 
ference are in adequate for the accurate determination of such effects 
for swept wings . Therefore , no corrections for these effects have been 
applied to the results of this investigation. From reference 2 an 
indication of the order of magnitude of the correction to be applied to 
dynamic pressure and Mach number is shown for a Mach number of 0-93 to 
be approximately 1 percent for a straight-wing configuration. The 
corrections will probably be much less for the swept configuration. 


EESOLTS AND DISCUSSION 


For the purpose of presenting data for the wings only, data of 
tests of fuselage alone have been subtracted from the data of the 
wing-fuselage combination; therefore, all wing data presented herein 
contain fuselage-interference effects . Comparisons have been made to 
illustrate the effects of the addition of the glove to the sweptback 
wing. Limited comparisons have also been made to the unswept wing as 
usecl^ with the D-558~l airplane of reference 2 . All data are presented 
for a Mach number range of O.hOO to 0-935* 

The variations of lift coefficient with angle of attack for various 
Mach numbers for the sweptback wing and the sweptback wing with glove 
are shown in figure 3* In figure 4 are shown the variations of lift 
coefficient with Mach number for various angles of attack for the two 
wings. Figure 5 showB the variations of the slopes of the lift curves 
with Mach number for the two wings at two altitude conditions - A 
comparison of the variation of lift coefficient with Mach number for 
angles of attack corresponding to a lift coefficient of about 0.1 at 
a Mach number of 0-6 is shown in figure 6. These preceding data indicate 
that the addition of the glove to the sweptback wing has a very small 
effect on the lift characteristics of the wing- 

The variations of drag coefficient with lift coefficient for 
various Mach numbers are shown in figure 7 for the sweptback wing and 
the sweptback wing with glove. The variations of drag coefficient 
with Mach number for various angles of attack for the two wings are 
shown in figure 8. These data indicate that the effects of the addition 
of the glove on drag characteristics are negligible up to a Mach number 
of 0-90 with a reduction in drag above this point. 
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In figure 9 the lift-drag ratios for the wings are plotted against 
lift coefficient for two Mach numbers. These data indicate that, although 
the changes in lift and drag characteristics due to the addition of the 
glove are uma/i 1 when considered separately, a combination of the two in 
the lift-drag ratio results in an appreciable increase in this ratio. 

In the low Mach number region, it is indicated that the maxi mum lift-drag 
ratio of the sweptback wing with glove is about 26 percent greater than 
that for the sweptback wing. In the high Mach number range, the ratio 
for the sweptback wing with glove is about 37 percent higher than that 
for the sweptback wing. 

In figure 10 are shown the variations of pitching-moment coeffi- 
cient with lift coefficient for various Mach numbers for the two wings . 

The variations of pitching-moment coefficient with Mach number for 
various angles of attack are shown in figure 11. For the purpose of 
these plots the pitching moments were computed about the 25 -percent 
point of the mean aerodynamic chord for the sweptback wing, and about 
the 46-percent point of the mean aerodynamic chord for the sweptback 
wing with glove. This point on the sweptback wing with glove has been 
computed to give the same static margin as the sweptback wing at a Mach 
number of 0.6 under sea- level conditions. These data indicate a stable 
condition for the two wings through the Mach number range tested. 

The foregoing data indicate that there is no appreciable change in 
force-break characteristics due to the addition of the glove to the 
sweptback wing* 

Unpublished data obtained in the La,ngley 8 -foot high-speed tunnel 
have Indicated that the changes in force characteristics defining the 
force break first appear at the outboard section of a sweptback wing. 

These data indicate that these changes can be attributed to the shock- 
wave configuration of the sweptback wing which places the shock wave at 
the root sections well to the rear. The addition of a triangular area 
ahead of these sections probably has only a secondary effect on the 
shock-wave configuration and a correspondingly small effect on the force 
characteristics . 

In order to illustrate more clearly the small effects of .the 
addition of the glove to the sweptback wing, incremental lift, drag, 
and pitching-moment coefficients as functions of Mach number for 
various angles of attack are presented in figure 12 • For the purpose 
of this plot, the pitching moments for both the sweptback wing and the 
sweptback wing with glove are presented about the 2 5 “ percent point of 
the mean aerodynamic chord of the sweptback wing. These data indicate 
that, if the addition of the glove is considered as a modification 
involving no change in center- of- gravity location, the effects on 
pitching- moment coefficient are comparatively large * If, however, the 
addition is considered as a redesign, involving a change in center-of- 
gravlty location, as shown by preceding data computed about the 48- percent 
point of the mean aerodyn ami c chord of the sweptback wing with glove, 
the effects on pitching-moment coefficient are small. The incremental 
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effects of the addition of the glove on lift and drag characteristics 
are small . At an angle of attack of 6°, the highest test angle, the 
change in lift coefficient is less than 0.03 and the change in drag 
coefficient is less than 0 .005 • The change in pitching-moment coeffi- 
cient for this angle of attack is. about 0 . 035 } for smaller angles of 
attack the changes are correspondingly smaller . 


CONCLUDING KEMAEES 


The results of this investigation indicate that the effect of the 
addition of a triangular area to the inboard section of the sweptback 
wing on lift characteristics is small throughout the Mach number range 
tested. The effect on drag characteristics is small up to a Mach number 
of 0*90 with a reduction in drag above this point. At an angle of 
attack of 6° the change in lift coefficient is less than 0.03 and the 
change in drag coefficient is less than 0 . 005 * 

Although the changes in lift and drag characteristics due to the 
addition of the triangular area are smai 1 when considered separately, 
a combination of the two in the lift-drag ratio results in an appreciable 
increase in this ratio. The increase in TnaviTmTm lift-drag ratio in the 
low Mach number range is about 2 6 percent and In the high Mach number 
range is about 37 percent. 

If no change is as Burned in the center-of -gravity location, the 
change in pitching-moment coefficient due to the addition of the tri- 
angular area is about 0.035 at an angle of attack of 6°. If a change 
in center-of-gravity location is assumed to accompany the addition of 
the triangular area, there is essentially no change in the static margin 
of the sweptback wing. 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va. 
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TABLE I 


DIMENSIONS OF SWEPTBACK WING- AND SWEPTBACK WING WITS GLOVE 



Swepthack wing 

Swepthack wing with glove 

Wing section 

65-110 

(See Table H) 

Aspect ratio . 

if .17 

3-00 

Taper ratio 

I.85 

2.59 (inboard panel) 
1*33 (outboard panel) 

Dihedral , deg 

4.0 

4.0 

Sweep angle (50-percent 


48.6 (inboard panel) 
35*0 (outboard panel) 

chord), deg . . . 

35 

Spaa, In. • . . < 

18.76 

11.4 (inboard panel) 

Area, sq. ft 

0.5&7 

0.799 

Mean aerodynamic chord, In 

if .656 

7*07 . 

Root chord, In 

5-94 

11*00 (inboard panel) 
4.25 (outboard panel) 

Tip chord, in 

3.20 

4.25 (inboard panel) 
3.20 (outboard panel) 

Longitudinal location of 
25-percent point of 



mean aerodynamic chord 



from forward point of 
swepthack wing with 



gloye 

9.82 

7*54 






HA.CA EM No 



















Figure 2 - Mode/ on sting support in the Langley 8-foot high-speed tunnel. All 
dimensions in inches . 
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Figure 3 . 


Continued . 
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Picture * — Variation of the. s/ope, of the lift curve with 
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witg with cf/ove for two a it/ fade conditions. 




NA.CA rad No 




L i ft coe fficl ent 


Sweptba ck 

l Swept back with glove 



Mach number , M 


Figure 6 Variation of lift coefficient at constant 
angles of attack with Mach number for the 
sweptback wing and the sweptback wing with 
glove « D~ 558-i data also ehown* g 
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(G) Swept bock wing with glove 

(S) Swepfback wing 

D - 553 ~ I Wing 
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F'igure 7 . — 
coefficient 
swept hack 

glove with 
wi ng . 


Variation of drag coefficient with lift 
for various Mach numbers for the 
wing and the sweptbock wing with 
comparable plots of the D-5S6- / 












Figure 3 Va ricrf-ion of drog coefficient with 
A/lach nu nn be r for vo r ious ang/es of crf-f-acF 
for +he ' swe p+back wing and the swept back 
wing with glove 
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figure Q Variation of if ft- of rag ratio with 
lift coef fief €>r>t for two Mach numbers 

for the c wept back wing and the 'Swept- 
hack wing with glove with comparable 
data for the f n g . 




Lift coefficient , 

Figure /O .-Variation of pitching - moment coefficient 
with lift coefficient for various Mach numbers 
for the swept hack wi ng a nd the swept back wing 
with g/o vg. 
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Figure // .— Variation of pitching —moment coefficient 
with Mach number- for various angles of 
attack for the sweptback wing a no the 
swept back wing with glove. 
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Mach number y M 

Figure !£.— Variation of incremental lift, drag, 
and pit ching- moment coefficients due to the 
addition of the glove to the sweptback winy 
with Mach number for various angles o f 
attack - 







